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Objective. To study the relations between lifestyle factors (smoking, drinking, exercise, vegetable consump-
tion, social relations) and global self-rated health in the adult Swedish population.
Method. The data come from the Swedish Level of Living Survey, a face-to-face panel study. The analysis
follows the respondentswith good health in 1991 (N = 4035) and usesmultivariate logistic regression to assess
the relations between lifestyle factors in 1991 and health in 2000 and 2010.
Results. Baseline (1991) exercise, social support, smoking and vegetable consumption are associated with
health in 2000 and/or 2010. 2000:Weekly exercise in 1991 increases the probability of goodhealth by 6percentage
points [95%CI: 1–10] compared tono exercise, and smoking 10 ormore cigarettes a day decreases the probability of
good health by 5 percentage points [95% CI 1–8]. Lacking social support decreases the probability of good health by
17 percentage points (95% CI: 9–25). 2010: Smoking 10 or more cigarettes a day decreases the probability of good
health by 10 percentage points [95% CI 5–15], and eating vegetables every day increases the probability of good
health by 4 percentage points [95% CI 0.2–7].
Conclusions. Exercise, smoking, social support and vegetable consumption are related to self-rated health 2000
and/or 2010.© 2013 The Author. Published by Elsevier Inc. Open access under CC BY-NC-ND license.Introduction
Many aspects of our lifestyles can affect health. A large body of
research suggests effects on mortality of lifestyle factors such as
smoking, drinking, exercise and diet (e.g., Ames et al., 1995; Danaei
et al., 2011; Doll et al., 2004; Ford et al., 2012; Khaw et al., 2008;
Loef and Walach, 2012; Myers et al., 2002; Paffenbarger et al., 1993;
Peto et al., 1996; Sasco et al., 2004; Thun et al., 1997), as well as social
relations (Berkman and Syme, 1979; House et al., 1988). Associations
between life-style and self-rated health have also been reported
(e.g., Darviri et al., 2011; Kwaśniewska et al., 2007; Manderbacka
et al., 1999; Molarius et al., 2007; Phillips et al., 2005; Schulz et al.,
1994; Södergren et al., 2008). While studies of mortality are prospec-
tive, studies of self-rated health are generally cross-sectional; rendering
the causal status of associations unclear. For example, they can reﬂect
reverse causality as people with bad health are less likely to exercise
and to have an active social life.
This article aims to study self-rated health in a prospective design,
exploiting the panel in the Swedish Level of Living Surveys 1991–2010.lm, Sweden.
oﬁ.su.se.
Open access under CC BY-NC-ND licenThe focus is on the long-term importance of life-style factors (drinking
behaviour, smoking, vegetable intake, exercise and social relations) for
changes in global self-rated health in the adult Swedish population.
Self-rated health should be seen as an important complement to
more objective measures such as mortality or speciﬁc diagnoses, in
that it gives primacy to people's own perception of health. Global self-
rated health is related to other health variables but also has an indepen-
dent relation to mortality when controlling for other health variables
(Idler and Benyamini, 1997). Naturally, individual criteria for judging
health status may vary, but it is quite possible that perceived health
is more relevant for people's quality of life than health as measured by
objective criteria. In addition, it is not self-evident how life-style effects
on different health dimensions are reﬂected in and weighed into an
effect on overall perceived health.
To the extent that self-ratings of health are based on the factors that
affect mortality, we can expect positive effects of exercise, vegetable in-
take and social support/social relations, and negative effects of smoking.
For the alcohol variable, the situation is unclear as effects appear to
vary between different diagnoses (e.g., Corrao et al., 2004). A common
ﬁnding is that abstainers have larger risk of coronary heart disease
thanmoderate consumers, but the causality of this relation is contested
(e.g., Filmore et al., 2007). Our variable can distinguish abstainers but
not high consumers from moderate/low consumers, and as we don't
know how different disease risks are reﬂected in self-rated health
there are no grounds for a speciﬁc hypothesis.se.
Table 1
Descriptive statistics, respondents with good subjective health in 1991, observed in
(a) 1991 and 2000 and (b) 1991 and 2010.
Source: Swedish Level of Living Survey 1991, 2000, 2010.
1991–2000
N = 3089
(Analysis sample
N = 3043)
1991–2010
N = 2540
(Analysis sample
N = 2210)
N Percent N Percent
Subjective health
2000
Good 2507 80.1
Not good 581 19.9
Total 3088 100.0
Subjective health
2010
Good 1790 79.7
Not good 455 20.3
Total 2245
Vegetables at least
once a day 1991
Yes 1834 59.4 1532 60.3
No 1255 40.6 1008 39.7
Total 3089 100.0 2540 100.0
Smoking 1991 Never 1506 48.8 1257 49.5
Have smoked 704 22.8 559 22.0
Smokes b 10/day 340 11.0 283 11.1
Smokes 10+/day 539 17.5 441 17.3
Total 3089 100.0 2540 100.0
Alcohol 1991 Never 263 8.5 194 7.7
Usually 1–2 drinks 1321 42.8 1055 41.6
Usually N2 drinks 1500 48.6 1287 50.8
Total 3084 100.0 2536 100.0
Exercise 1991 Never 319 10.3 250 9.8
Rarely 251 8.1 211 8.3
1–3 times/month 262 8.5 220 8.7
At least once/week 2257 73.2 1859 73.2
Total 3089 100.0 2540 100.0
Social support 1991 Yes 2959 95.8 2443 96.2
No 130 4.2 96 3.8
Total 3089 100.0 2539 100.0
Frequent friend
interaction 1991
Yes 1669 54.0 1418 55.8
No 1420 46.0 1122 44.2
Total 3089 100.0 2540 100.0
Frequent family
interaction 1991
Yes 1630 52.8 1203 47.4
No 1459 47.2 1337 52.6
Total 3089 100.0 2540 100.0
Gender Man 1572 50.9 1294 50.9
Woman 1517 49.1 1246 49.1
Total 3089 100.0 2540 100.0
BMI 1991 b25 2206 71.7 1895 74.9
25 or over 873 28.3 636 25.1
Total 3079 100.0 2531 100.0
Single household
1991
Yes 937 30.3 804 31.6
No 2152 69.7 1736 69.4
Total 3089 100.0 2540 100.0
Mean Std dev Mean Std dev
Symptom index 1991
(2000 N = 3062, 2010 N = 2514)
5.1 4.0 5.2 4.1
Age in 1991
(2000 N = 3089, 2010 N = 2540)
38.3 12.8 35.7 10.7
Income 1991 (SEK)
(2000 N = 3089, 2010 N = 2540)
86621 31794 84505 30032
Education (years) in 2000
(N = 3089)/2010 (N = 2540)
12.3 3.5 12.9 3.4
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Study design and population
The Swedish Level of Living Survey has been collected in face-to-face
interviews with a representative sample of the Swedish adult population
(aged 18–75) in 1968, 1974, 1981, 1991, 2000 and 2010. The major part of the
survey is a panel, with respondents followed through all successive waves (up
to age 75), but new respondents are added at each wave for the sample to rep-
resent the population. This article uses the 1991 sample, following respondents
in 2000 and 2010. The 1991 survey had a response rate of 79% (N = 5306), of
which 71% (N = 3763) remained in 2000 and 55% (N = 2941) in 2010. Part
of the attrition is naturally caused by panel ageing.
In the analyses, respondents reporting good self-rated health in 1991 are
selected (77%, N = 4091). In this group, 76% (N = 3089) remained in 2000
and 62% (N = 2540) in 2010. Missing values on any variables in the regression
give ﬁnal analytical samples of N = 3043 (74%) in 2000 and N = 2210 (54%)
in 2010.
With panel data, we can study changes in health, which improves our pos-
sibilities for causal conclusions. Only thosewith goodhealth in 1991 are studied,
as the processes leading to improved health probably differ from those leading
to health deterioration. Peoplewith less than good health in 1991 are too few to
study separately, and are therefore excluded. The focus of this article is thus
whether lifestyle affects the probability of maintaining good health over the
next 10–20 years. Respondents' self-rated health need not be the same in
2000 and 2010, but the sample size restricts us from distinguishing the effects
on the combination of values in 2000/2010.
The selection ensures that respondents do not initially differ in self-rated
health, but there is still a risk that those with certain life-style behaviour differ
in other health-related characteristics that increase the risk of future ill-health.
The analyses therefore control for potential confounders, detailed below in the
Control variables section. These are factors that might affect both lifestyle in
1991 and later health. As factors occurring after 1991 cannot affect health in
1991, control variables are measured in 1991, except for education which is
measured during the outcome year (2000/2010) as the youngest respondents
have not ﬁnished their education in 1991. One control variable measures self-
reported ill-health symptoms in 1991, which enables the adjustment for initial
differences in health that are not captured by the global health measure.
Measures
Self-rated health
Respondents were asked: “How do you judge your own general health? Is
it … 1 good, 2 bad or 3 something in-between?” Those responding “bad” are
too few to analyse separately, so option 1 was coded 1 (good) and options 2
and 3 were coded 0 (not good).
Exercise
The question was “Do you pursue any sports, outdoor or exercise activities,
e.g. long walks?”, with the response categories: (1) yes, several times a week;
(2) yes, about once a week; (3) yes, 1–3 times a month; (4) yes, but more
seldom; and (5) no, never. Options 1 and 2 were recoded to “every week”
(1) and options 3–5 to “more seldom” (0).
Vegetable consumption
Respondents were asked: “How often do you include fresh vegetables in
your meals?” with the response categories: (1) in every meal, (2) in at least
one meal a day, (3) almost every day, (4) once or twice a week, and (5) almost
never. Options 1 and 2 were coded into 1 (every day) and all other options to 0.
Drinking behaviour
Respondents were asked: “Do you at any time drink wine, strong beer or
liquor? If yes: Is it usually more than a glass or two?”, and response categories
were: 0 (never), 1 (yes, usually notmore than a glass or two), and 2 (yes, usually
more than a glass or two).
Smoking
The questionwas: “Do you smoke?”with response alternatives: (1) Yes, but
less than 10 cigarettes or equivalent per day; (2) yes, 10 or more cigarettes or
equivalent per day; (3) no, have given it up and (4) no, have never started.
The responses were coded 0 (never), 1 (have given it up), 2 (less than 10 a
day), and 3 (10 or more a day).Social relations
Respondents were asked whether they, in their free-time (1) visit friends
and acquaintances, (2) have friends and acquaintances visit, (3) visit relatives
and (4) have relatives visit. For each of these questions, the response categories
are: (A) No, (B) yes, sometimes, and (C) yes, often. Two variables were
constructed: meets friends often, coded 1 if one sees friends often (response C
to either 1 or 2) and 0 otherwise; andmeets family often, coded 1 if one sees fam-
ily often (response C to either 3 or 4) and 0 otherwise.
Social support
The question was: “One is sometimes in need of help and support from
someone. Do you have any relative or close friend who is there for you … if
you (1) fall ill? (2) need company? or (3) need someone to talk to about person-
al problems?”, with answer categories being: (A) yes and (B) no, on each of
804 C. Mood / Preventive Medicine 57 (2013) 802–806these three items. A variable “lack of social support” is created by coding those
who have replied A to any item to 1, and all others to 0.
Control variables
Age is measured in full years, sex as man/woman, and education is the num-
ber of years of education. Self-reported weight and height are used to calculate
BMI, and those with BMI N 25 are classiﬁed as overweight (1), others are coded
to 0. Family situation is coded to single household (1) or couple household
(0), and income is disposable family income, adjusted for family size and mea-
sured in Swedish Krona (SEK). Symptom index is based on self-assessment of
47 symptoms as 0 (no symptom), 1 (light symptom), and 2 (severe symptom),
which are then summed to a continuous variable (range 0–94).
Statistical methods
Respondents with missing information on any variable described above are
excluded. Logistic regression in Stata 12 SE is used, and coefﬁcients are average
marginal effects (AME) predicted with the margins option. Contrary to what is
often believed, log-odds ratios or odds ratios are not comparable across studies
or models (Mood, 2010; Wooldridge, 2002: 470-472). Therefore, AME are re-
ported, which are easily interpretable as the average impact on the probability
(0–1) of good health. For categorical variables, AME give the discrete differenceTable 2
Logistic regression of self-rated health in 2000 and 2010 (good health = 1) on lifestyle and con
parentheses. Signiﬁcant estimates (P b 0.05) in bold.
Source: Swedish Level of Living Survey 1991, 2000, 2010.
Health in 2000
1A 1B
Vegetables every day (reference: No) 0.026 0
(−0.003–0.054) (−0
Smoking (reference: Never smoked)
Have smoked −0.036 −0
(−0.072 to−0.001) (−0
Smokes b10/day −0.039 −0
(−0.086–0.008) (−0
Smokes 10+/day −0.069 −0
(−0.110 to−0.028) (−0
Drinking behaviour (reference: Never drinks)
Drinks 1–2 0.031 0
(−0.026–0.088) (−0
Drinks N 2 0.081 0
(0.024–0.137) (−0
Exercise (reference: Never exercises)
Exercise rarely 0.036 0
(−0.033–0.104) (−0
Exercise 1–3/month 0.055 0
(−0.012–0.122) (−0
Exercise every week 0.082 0
(0.032–0.132) (0
No social support −0.195 −0
(−0.279 to−0.111) (−0
Sees friends often 0.044 0
(0.015–0.073) (−0
Sees family often 0.002 0
(−0.027–0.031) (−0
Woman −0
(−0
Single household −0
(−0
Age −0
(−0
BMI N 25 (reference BMI up to 25) −0
(−0
Symptom index −0
(−0
Years of education 0
(0
Income (std dev) 0
(0
Observations 3043 3043
Note: Models 1A and 2A include lifestyle variables (smoking, drinking, exercise, social support,
symptom index, education, income).in the probability of good health between the relevant category and the refer-
ence group.
As the outcome is restricted to be 0 or 1 the estimated effects are not
additive: If a person has many risk factors, the measured outcome can still not
be worse than “not good.” The predicted probabilities of good health in
2000 at different combinations of risk factors will therefore also be shown,
using a type case, and varying the statistically signiﬁcant lifestyle factors one
by one and in combination for this case. The type case is a woman of average
age, income and education, who usually drinks less than two glasses, eats
vegetables daily, is not overweight, and does not see friends and family often
(smoking, exercise and social support are set to vary).
Because of sample size restrictions, response categories for some variables
have been collapsed. In these cases, different categorizations have been tested,
and those reported give the most robust results.
Results
Descriptives for all variables are given in Table 1. Recall that all re-
spondents had good health in 1991, so the 20% reporting less than
good self-rated health in 2000 or 2010 have seen deterioration. There
are equal shares of men and women, and the average age in 1991 istrol variables in 1991. Coefﬁcients are average marginal effects. 95% conﬁdence interval in
Health in 2010
2A 2B
.024 0.031 0.037
.005–0.052) (−0.004–0.066) (0.002–0.072)
.011 −0.047 −0.019
.045–0.023) (−0.090 to−0.005) (−0.060–0.021)
.033 −0.042 −0.037
.080–0.014) (−0.098–0.015) (−0.094–0.019)
.045 −0.136 −0.097
.084 to−0.006) (−0.188 to−0.085) (−0.146 to−0.047)
.007 0.065 0.058
.044–0.059) (−0.012–0.141) (−0.014–0.130)
.032 0.098 0.064
.020–0.084) (0.022–0.174) (−0.009–0.136)
.015 −0.012 −0.023
.051–0.080) (−0.096–0.071) (−0.102–0.057)
.040 0.050 0.037
.023–0.103) (−0.029–0.129) (−0.039–0.113)
.059 0.060 0.044
.012–0.106) (0.000–0.119) (−0.013–0.101)
.164 −0.047 −0.016
.244 to−0.085) (−0.139–0.045) (−0.100–0.067)
.014 0.043 0.024
.015–0.044) (0.008–0.078) (−0.012–0.060)
.022 0.013 0.032
.006–0.051) (−0.022–0.048) (−0.002–0.066)
.025 −0.062
.055–0.004) (−0.097 to−0.027)
.006 −0.031
.039–0.027) (−0.072–0.010)
.004 −0.004
.005 to−0.002) (−0.006 to−0.002)
.049 −0.073
.081 to−0.017) (−0.114 to−0.032)
.013 −0.013
.016 to−0.010) (−0.017 to−0.009)
.006 0.004
.002 to 0.010) (−0.001 to 0.009)
.021 0.014
.006 to 0.036) (−0.004 to 0.032)
2210 2210
social relations), models 1B and 2B additionally adjusts for control variables (sex, age, BMI,
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(this decline is explained by panel ageing, as those who remained in
2010were younger in 1991 than those who remained in 2000). Around
30% are single households, and 28% are overweight in 1991. A majority,
74%, exercise each week, and around 60% eat vegetables every day. 49%
have never smoked, and around 30% currently smoke. Less than 10%
never drink alcohol, and of those who drink, around half usually drink
more than a couple of glasses. Around half the sample see friends
often and an equal share see family often. Only 4% lack social support.
Table 2 gives regression results for self-rated health in 2000 (models
1A–1B) and in 2010 (models 2A–2B). In both cases, model A includes
lifestyle variables, and model B additionally includes control variables.
Model 1A shows that weekly exercise, usually drinking more than two
drinks, and seeing friends often in 1991 are positively related to health
in 2000 (statistically signiﬁcant, P b 0.05), while smoking and lack of
social support are negatively related to health (P b 0.05).
After adjusting for the control variables (model 1B), those who
exercised at least once a week in 1991 have a 6 (95% CI: 1–10) percent-
age point higher probability of good health in 2000 than those who
never exercise. Those who smoked more than 10 cigarettes a day in
1991 had a 5 (95% CI: 1–8) percentage point lower probability of good
health than those who have never smoked, and those who had no sup-
port in 1991 had a 16 (95% CI: 9–25) percentage point lower probability
of good health. The coefﬁcients for vegetable consumption and for
friend/family relations are not statistically signiﬁcant at conventional
levels. The positive coefﬁcient for drinking shrinks and loses statistical
signiﬁcance inmodel 1B, resulting from the age and gender adjustment:
Those who drink more are younger and more often male, and the posi-
tive coefﬁcient in model 1A was confounded by the better health of
younger people and of men.
Looking at health in 2010 (models 2A–2B), the risk differences
are generally similar to those in models 1A–1B. However, the negative
effect for heavy smokers as compared to non-smokers is larger at 10
percentage points (95% CI: 5–15, adjusted model), and the adjusted
effects of social support and exercise are not statistically signiﬁcant
(model 2B). The coefﬁcient for vegetable consumption is (barely) statis-
tically signiﬁcant, showing 4 percentage points [95% CI 0.2–7] higher
probability of better health in 2010 for those who ate vegetables every
day compared to those who did not.
To make the results more intuitive, Fig. 1 gives the predicted proba-
bility from model 1B of bad health in 2000 for a type case, as described
in the Methods section. A clustering of risk factors is related to a large
risk of declining health: the “worst” combination of risk factors0
0,1
0,2
0,3
0,4
0,5
0,6
Never smoked,
exercised every
week, had
support
Smokes 10+,
exercised every
week, had
support
Never smoked
never
exercised, ha
support
Pr
ob
ab
ili
ty
Fig. 1. Predicted probability of less than good self-rated health for a type case in 2000, at differe
health in 1991, whowas of average age, income and education, had average number of sympto
hold, usually drank less than 2 drinks, not overweight. N = 3043.exempliﬁed here (smoking 10 or more cigarettes a day, having no sup-
port and never exercise) gives a predicted probability of almost 50% of
bad health for this type case, compared to only 15% for those who
never smoke, exercise every week and have social support.
Discussion
The scope of this article is broad, analysing different life-style factors
and general self-rated health over long time. 80% of the respondents
with good health in 1991 have retained it in 2000/2010, while 20% re-
port worse health. We have studied how these 20% differ, in terms of
their lifestyle in 1991, from those with persistently good health.
The lifestyle effects on mortality are well established in the litera-
ture (citations above), and our results here suggest that health effects
of smoking and exercise, and to some extent social support and vegeta-
ble consumption, are reﬂected also in the subjective sense of overall
health. This may seem intuitive, but is not obvious as subjective health
can incorporate factors not captured by mortality differences.
The general pattern of results is also in line with the previous cross-
sectional ﬁndings on self-rated health. For example, statistically signiﬁ-
cant associations in the same direction as here have been found on
Swedish data for exercise (Manderbacka et al., 1999; Molarius et al.,
2007; Södergren et al., 2008), smoking (Manderbacka et al., 1999;
Molarius et al., 2007), social support (Molarius et al., 2007) and vegeta-
ble consumption (Manderbacka et al., 1999), which suggests that these
cross-sectional associations found in the previous studies were not
heavily confounded by other factors or reverse causation.
Social support in 1991 is strongly related to health in 2000, but not in
2010. This is at least partly because people without support in 1991
move out of this category over time. In contrast, heavy smoking in
1991 is more strongly related to health in 2010 than in 2000, which is
likely because more people have smoked for a longer time.
The analysis also shows the importance of adjusting for gender and
age when studying health impacts of drinking, as the coefﬁcient was
otherwise confounded. Similarly, the estimated effect of friend relations
was confounded by age (younger people have both more friends and
better health).
Limitations and strengths
Themajor strength of this study is its prospective design.While pre-
vious research on the relation between lifestyle and self-rated health
is predominantly cross-sectional, the focus on individual-level change,
d
Never smoked,
exercised every
week, had no
support
Smokes 10+,
exercised every
week, had no
support
Smokes 10+,
never
exercised, had
no support
nt values of smoking, exercise and social support. Type case: Woman with good self-rated
ms, ate vegetables every day, did not see friends and family often, lived in a couple house-
806 C. Mood / Preventive Medicine 57 (2013) 802–806in health reduces the risk of confounding and reverse causality, and
increases the credibility of causal interpretations.
The drinking variable is admittedly weak, and a more detailed vari-
able could give other results as regards drinking behaviour. Another
limitation is that the sample is too small to explore mediators, and
hence to understand the processes behind the observed (gross) effects.
Importantly, the effects on health in 2000/2010 may reﬂect long-term
effects of behaviour but also persistence in behaviour with short-term
effects: For example, the effect of smoking in 1991 may be a long-term
effect, or it may reﬂect that those who smoked in 1991 are more likely
to smoke in 2000 and 2010. Larger sample sizes are needed to study
the effects of different over-time trajectories in life-style behaviours.
Conclusion
Among people with similar initial health, we ﬁnd that smoking,
exercise, social support and vegetable consumption are associated to
self-rated global health 10 and/or 20 years later. There is however no
evidence of such associations for drinking behaviour (as measured
here) or for frequent family and friend contacts.
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